Specific regulation of procoagulant activity on monocytes. Intrinsic pathway inhibition by chondroitin 4,6-disulfate.
Hypercoagulability of blood, monocytic infiltration, and changes in pericellular and extracellular matrix glycosaminoglycans (GAGs) are observed in atherosclerosis, inflammation, and neoplasia. In the present studies, monocyte procoagulants and different GAGs including chondroitin sulfate (CS) A, CSB, CSC, CSD, CSE, and heparan sulfate, were tested either in clotting assays with whole plasma or in chromogenic assays with purified coagulation proteases. Procoagulant activity in plasma was inhibited by three of the seven GAGs, including heparan sulfate, CSE, and CSB. In contrast, activity of purified coagulation protease was inhibited only by CSE, and the inhibition was observed with intrinsic (factor VIIIa/IXa) but not extrinsic (tissue factor/factor VII) components. Reciprocal titration experiments with enzyme and substrate and Scatchard type analyses were consistent with concentration-dependent inhibitory interactions between CSE and sites on both factor VIIIa and IXa. On purified phospholipids, CSE concentration resulting in half-maximal inhibition (Ki) was 5 ng/ml for interaction with factor IXa and > 500 ng/ml for interaction with factor VIIIa. The Ki values were lower for reactions on purified lipid than for reactions on monocyte surfaces and for reactions on resting than on endotoxin-stimulated monocytes. Experiments with CSE oligosaccharides of defined size indicated that the smallest CSE fragment capable of inhibitory activity was composed of 12-18 monosaccharide units. Collectively, these results indicate that factor X-activating reactions are inhibited by GAGs expressed on monocyte membranes. Inhibition is specific with respect to the structure of both the GAG and the activating protease. Lack of inhibition by added CSA, CSB, and CSC in contrast to CSE strongly suggests a direct role of 4,6-di-O-sulfated N-acetylgalactosamine GAG structures in the inhibition of intrinsic pathway protease. These findings also suggest potential pharmacologic use of CSE as specific anticoagulant in the management of prothrombotic states mediated by intrinsic pathway coagulation reactions.